(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World InteUectual Property 
Organization 
International Bureau 

(43) International Publication Date 
12 February 2004 (12.02.2004) 




PCT 



(10) International Publication Number 

WO 2004/012495 Al 



(51) International Patent ClassiilcaUon^: AOID 45/00, 

46/00 

(21) International Application Number: 

PCT/GB2003/003415 

(22) International FUing Date: 5 August 2003 (05.08.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
0218125.3 



5 August 2002 (05.08.2002) GB 



(71) Applicant and 

(72) Inventor: McKEOWN, Colm [GB/GB]; 30 Moneyna- 
bane Road. Dromara BT25 2JU. County Down (GB). 

(74) Agents: ROBERTSON, Robert, Bruce, Spence et al.; 
Ansons, 240 Upper Newtownards Road, Belfast BT4 3EU 
(GB). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ. BA, BB, BG, BR. BY, BZ, CA, CH, CN, CO, CR, CU, 



CZ, DE, DK, DM, DZ, EC, EE, ES, H, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU. LV, MA, MD, MG, MK, MN, MW, 
MX, MZ. Nl, NO, NZ, OM. PG, PH, PL, PT, RO, RU, SC, 
SD, SE, SG, SK, SL. SY, TJ, TM, TN, TR. TT, TZ. UA. 
UG, US, UZ, VC, VN, YU, ZA, ZM. ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE. LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE. DK, EE, 
ES, H, FR, GB, GR, HU, IE, FT, LU, MC. NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF. CG, CI, CM. 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Publislied: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: A ROBOTIC HARVESTING SYSTEM 



ID 

ON 




(57) Abstract: A harvesting head (I, 21), a robotic harvesting system and a method of harvesting objects such as fruit or vegetables 



using the robotic harvesting system. Robotic harvesting systems for fruit or vegetables generate a percentage of damaged produce due 
to a lack of sensitivity and adaptability of the system. The current harvesting system incorporates a controller (84) in communication 
^ with a load cell (52) which is mounted on the harvesting head (1, 21) for monitoring forces applied to the fruit or vegetables by the 
harvesting head (1, 21) during a picking cycle by a control program executing on the controller in response to the monitored forces. 
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A ROBOTIC HARVESTIMG SYSTEM 

5 

The present invention relates to a robotic harvesting system including a 
han/esting head and a metiiod of harvesting fruit and vegetables with the head. 
Traditionally, the harvesting of firuit and vegetables has been carried out 
10 manually by seasonally employed >workere. This process is costly for the employer and 
is also labour intensive requiring the wori<ers to stand all day at the side of a conveyor 
belt picking the firuit and vegetables and pladng them in storage containers. WtHh tiie 
advent of pidc and place robots, a lot of flie manual labour associated \w1tii fruit and 
vegetable harvesting has disappeared. However, the pick and place robots damage a 
15 proportion of the products, which results In a lower yield and reduced profits for owners 
of firuit and vegetable fann. 

It is an object of the present invention to obviate or mitigate the problem of 
damaged fruit arKi vegetables as a result of harvesting by pick and place robots. 

Accordingly, the present invention provides a harvesting head mountable on a 
20 robotic arm anangement of tiie type having a robot end effector mounting flange and a 
rotation means, the head having a rotatable shaft witti two ends, one end of tiie shaft 
being adapteble for engagement with the rotation means mounted on the robotic ami 
arrangement, the other end having a holder fixed tiiereon for receiving an object to be 
hawested, the holder Including means for releasably fixing tiie object relative to the 
25 holder wherein a load cell is disposed on tiie harvesting head for measuring the force 
being applied to the object during harvesting. 

In one embodiment, tiie load ceil is mounted intermediate the robotic arm 
arrangement and the harvesting head for measuring the force applied to ttie object by 
the robotic ami arrangement via the holder of the harvesting head during harvesting. 



CONFIRIVIATION COPY 
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in a second embodiment, there is provided a harvesting head mountable on a 
robotic arm arrangement, the head comprising a rotation means having a rotatable 
shaft extending therefrom, a holder for receiving an object to be harvested fixed on an 
external end of the shaft, the holder having a means for releasabiy fixing the object 
S relative to the holder, the head further comprising a load cell mounted on a part of the 
head which is fixed relative to the robotic ann arrangement during harvesting for 
measuring the force being applied to the object by the robotic arm arrangement via the 
harvesting head. 

In both of the above embodiments and in anotiier to be descrit>ed, the rotation 

10 means has a drive unit such as a motor for rotating the shaft. 

In both embodiments, a controller is in communication with the load cell for 
receiving values of force measured by the load cell during the harvesting operation. 
The controller, having a control program stored thereon, is also in communication with 
the drive unit of the rotation means, a rot)otic arm arrangement movement control 

15 device and the means for releasabiy fixing tiie object to the holder. The controller 
controls the operation of these components in response to the values of force received 
from the load cell in combination with a predetermined sequence of events stored in 
the control program. The activation of the subsequent event is dependent upon the 
successful completion of the current event. 

20 in both embodiment, the harvesting head is mounted on a robotic anm 

arrangement of the type having a robot end effector-mounting flange. 

Preferably, the robotic arm arrangement has an integral vision system capable 
of determining the geometrical location of an object to be harvested, the vision system 
including intelligent pattern recognition software. This software includes artificial 

25 intelligence using neutral network technology. 



wo 2004/012495 PCT/GB2003/00341S 



Ideally, the robotic arm arrangement has a movement control device for locating 
the harvesting head on or about an object in response to the geometrical location of the 
object being translated into movement of the robotic ami arrangement by the controller. 

Preferably, the controller is a Kistler charge amplifier such as Como II S. 
5 Ideally, the control program stored on the controller has tolerance bands 

connesponding to maximum and minimum values offeree. 

Preferably, when the maximum value offeree is received from the load cell by 
the controller and is read by the control program, the controller generates a signal and 
transmits it to the robotic arm arrangement movement control device preventing further 
10 downward movement of the harvesting head. The maximum value of force 

corresponds to a situation where one object, such as a mushroom, is located directly 
on top of another mushroom. This built in upper tolerance band prevents damage to 
either mushroom. 

Ideally, when the minimum value offeree is receh/ed from the load ceil for a 
IS second time in one downward movement of the harvesting head and is read by the 
control program on the controller, the controller generates a signal and transmits the 
signal to the drive unit of the rotation means and simultaneously generates and 
transmits a signal to the means for releasably fixing the object to the holder and to the 
movement control device preventing further downward movement. The minimum 
20 value of force is recorded for a second time when the main root of an object to be 
harvested is broken. 

Ideally, the means for releasably fixing the object relative to the holder is a 
vacuum generated between the holder and the surface of the object to be harvested. 
Preferably, a vacuum pump generates the vacuum. 
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Ideally, the holder has a stem having one end fomied for mounting the holder 
on the shaft and the other end has an expanded head extending therefrom for 
receiving objects to be han/ested, the holder having a central cavity along the entire 
length thereof. 

5 Preferably, the holder Is manufiactured firom resilient, deformable material such 

as natural or synthetic rubber. 

Ideally, the head has a conoertlnaed bellows-like form. 
Preferably, tiie means for releasabty fixing the object relative to the holder 
comprises a vacuum drum having a substantially solid body with a vacuum chamber 
10 enclosed within the body and a (^indrical bore extending through the l>ody via the 
chamber, the cylindrical bore being fomned for receiving a shaft of the rotation means, 
the shaft extending through the cylindrical bore and having its own bore extending from 
the end upon which the holder is mounted to a point along the shaft which the vacuum 
chamber encloses, the vacuum drum ha\^ng a second bore extending from the vacuum 
15 chamber through the body of the vacuum dmm and outside the drum, the bore defining 
an aperture on the external surface of the dmm for receiving a vacuum pipe. 
Ideally, the vacuum drum remains stationary when the shaft rotates. 
Preferably, a pair of sealing o-rings are provided on the cylindrical bore of the 
vacuum drum, one on either side of the vacuum chamber for contacting the curved 
20 surface of ttie shaft thereby creating a sealed area within the vacuum drum. 

In the first embodiment, the shaft extends directly into the drive unit of a rotation 

means, such as a motor. 

The present invention provides a third embodiment of harvesting head 
for mounting on a robotic arm anrangement comprising a first rotatable shaft extending 
25 from a rotation means, a second rotatable shaft parallel with and offset laterally ftom 
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the first rotatable shaft and a mounting means for fixing the shafts relative to one 
another, the shafts being coupled by a coupling means, the second shaft having a 
holder fixed on one end thereof, the holder Including means for releasably fixing an 
object relative to the holder wherein a load cell is disposed on the head for measuring 
5 Vne force being applied to the object during harvesting. 

Preferably, the coupling means comprises a belt which winds around a drive 
wheel on ttie first shaft and a drive belt guide on the second shaft 

In this third embodiment, the mounting means is provided by a support plate. 
In this third embodiment, the motor is mounted on one side of a support plate 
10 having an aperture, the shaft extending through the aperture in the plate and engaging 
the drive wheel on the other side of the support plate. 

In this third embddiment, the drive belt is rotatably mounted on a guide bolt 
which is in turn mounted on the support plate. 

In this third embodiment, the load cell is mounted on the guide bolt 
15 The present invention also provides a method of harvesting objects such as 

mushrooms comprising the steps of:- 

idenfHying a mushroom to be harvested and delivering a harvesting head 
having a load cell onto the mushroom which is to be picked out of a growing bed; 
controlling the harvesting head to pidc the mushroom via a control program 
20 executing In response to Ibrce values received from the load cell. 
The method further comprising:- 

using a robotic arm arrangement's vision system and movement control device 
to locate the harvesting head onto the mushroom; 

moving the robotic arm arrangement and holder downwards pressing the 
25 mushroom into soil; 
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monitoring downward force, which is applied to the mushroom by the robotic 
arm arrangement via the load cell and control program. 

In response to the measured force value reaching a maximum value once or a 
minimum value twice in the one downward movement, these values being stored as 
5 tolerance bands in the control program of the controller, the controller simultaneously 
generating and transmitting a signal to the rotation means, the robotic arm 
arrangement's movement control device and the fixing means thereby simultaneously 

(1) stopping the downward motion of the robotic arm arrangement; 

(2) activating the means for releasabty fixing the mushroom relative to the 
10 holder; and 

(3) rotating ttie holder to break all roots holding the mushroom in the ground; 
after a predetermined period of time the controller generating a signal and transmitting 
the signal to the rotation means to switch off the rotation means; 

the controller generating and transmitting a signal to the robotic arm arrangements 
15 movement control device to move the head to a predetermined position; and 

the controller generating and transmitting a signal to the means for releasably 
fixing the mushroom relative to the holder turning off the fixing means whereby the 
mushroom drops into a receptacle. 

The control program is configured so tiiat tine controller takes no action when 
20 the minimum force value Is recorded for tiie first time during a downward motion of tiie 
harvesting head. This first time corresponds to a small force being reached when the 
han/esting head first contacts tiie mushroom. The minimum force value only activates 
the harvesting head to undertake the picking cq^cle when it is reconied for the second 
time in the one downward movement of the head. This corresponds to the roots of the 
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mushroom breaking which resulte in a sudden fall in resistive force bemQ applied to the 
load ceil. 

The present invention also provides a rotiotic harvesting system comprising a 
harvesting head having a load cell and a movement control device for delivering the 
5 han^esting head onto an object to be picked out of a gro^mng bed. the system ha^^ng a 
controller in communication with the load cell which controls a picking Cjfde in 
response to values received from the load cell. 

Ideally, the robotic harvesting system comprises a harvesting head as claimed 
in any one of claims 1 to 7 or any one of claims 8 to 1 4 mounted on a robotic arm 
10 arrar^ement of the type having a robot end effector mounting flange. 

Ideally, the controller Is also In communication with a rotation means and a 
means for releasably fixing the object relative to flie holder of the harvesting head. 

Preferably, the operation of the rotation means, the means for releasably fi)dng 
the object relative to the hokler and ttie robotic am arrangement movement control 
15 device during tiie picking cycle are controlled by values of force received from flie load 
cell in combination with a control program stored on the controller. 

The present invention also provkles a vacuum dmm having a substantially solid 
body witii a vacuum diamber endosed wiOiln ttie body and a orlindrical bore extending 
tiirough ttie body via tiie chamber, tiie cylindrical bore being fonned for receiving a 
20 shaft of a rotation means, ttie shaft extending ttvough the cylindrical bore and having 
its own bore extending from tiie end upon which a holder is mounted to a point along 
the shaft which the vacuum chamber endoses, tiie vacuum drum having a second bore 
extending from the vacuum chswnber ttirough the body of tiie vacuum drum and outside 
tiie drum, the bore defining an aperhjre on the external surfiace of the drum for 
25 receiving a vacuum pipe. 
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The present invention will now be described with reference to the 
accompanying drawings which shown by way of example only, two embodiments of a 
harvesting head in accordance with the invention. 

In the drawings:- 

s Fig. 1 is sdiematic view of a first embodiment of harvesting head; 

Fig. 2 is a perspective view of a third embodiment of han^esting head; 

Rg. 3 is a plan view of Fig. 2; 

Fig, 4 is a finont elevation view of Fig. 2 and Fig. 3; 

Fig. 5 is a side view of Rgs. 2 to 5; 
10 Fig. 6 is an exploded view of Figs 2 to 5; 

Rg. 7 is a schematic drawing of the harvesting system; and 

Fig. 8 is a section view through a vacuum drum. 

Refening to the drawings and initially to Fig. 1 , there is shown a harvesting 
head indicated generally by the .reference numeral 1. The head 1 comprises a 

15 rotatable shaft 2 with two ends 3 and 4. The end 3 is adapted to be connected directly 
to the drive unit of a motor (not shown) and the other end 4 cam'es a holder 5 thereon. 
The holder 5 is mounted on one end 4 of the rotatable shaft 2 and operable with a 
vacuum drum 6 releasably fixing an object (not shown) to the holder 5. The support 
plate 7 had a plurality of holes, one central hole 8 and three holes (not shown) spaced 

20 around the central hole 8. The shaft 2 extends through the central hole 8 and three 
parallel support rods 9 extend between the three holes (not shown) in the support plate 
7 and the vacuum drum 6, the vacuum drum 6 having three holes.(not shown) which 
align with and receive the parallel support rods 9. These rods 9 prevent rotation of the 
vacuum drum 6 during rotation of the shaft 2. The vacuum drum 6 has an aperture 10 

25 fomned for receiving a vacuum pipe (not shown). A collar 1 1 is provided for 
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engagement with a shoulder (not shown) on the shaft 2 preventing the shaft 2 moving 
iongitudinaily beyond a predetermined position. 

Referring to the drawings and now to Fig. 2 to Rg. 6, there is shown a third 
embodiment of harvesting head indicated generally by the reference numeral 21. The 
5 head 21 has a first rotatable shaft 22 extending from a motor 23. A second shaft 24 
parallel with and offset laterally from the first shaft 22 is coupled to the first shaft 22 by 
a drive belt 25. The belt 25 winds around a drive belt guide 27 carried on one end of 
the second shaft 24 and a drive wheel 28 aligned with the drive belt guide 27, the drive 
wheel 28 being mounted on the free end of the first rotatable shaft 22. A holder 31 is 

10 shown having a stem 32 for mounting the holder 31 on the shaft 24. An expanded 
head 33 extends from the stem 32 and a central cavity 34 extends along the entire 
length of the holder 31. The head 33 has a concertinaed bellows like fonn and the 
stem 32 of the holder 31 is adjacent a vacuum drum 36. The vacuum drum 36 has a 
substeintially solid body 37 with a vacuum chamber 38 enclosed within the body. A 

15 orlindrical bore 39, extending through the body 37 via the chamber 38, is fomied for 
receiving the shaft 24. The shaft 24 has an intemal bore 40 extending from the end of 
the shaft 24 carrying the holder 31 to a point on the curved surface of the shaft 24 
defining an aperture 43 enclosed by the vacuum chamber 38. The vacuum drum 36 
has a second bore 41 extending between the vacuum chamber 38 and the area 

20 outside the vacuum drum 36. An aperture 42 is defined by the bore 41 on the external 
curved surface of the vacuum drum 36 and is formed for receiving a vacuum pipe (not 
shown) which is in turn connected to a vacuum pump 82 (Fig. 7). 

The motor 23 is mounted on one side of a support plate 45 having an aperture 
47 with the first shaft 22 extending through the aperture 47 in the plate 45. The drive 

25 belt guide 27 is mounted on a guide bolt 51 which in tum is mounted on the support 
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plate 45. A load cell 52 is mounted on the guide bolt 51. The load cell of this 
embodiment is suitable to be mounted on all embodiments of the Invention. Three 
support pins 53 connect the vacuum daim 36 to the support plate 45. 

Referring to the drawings and now to Fig. 7, the schematic drawing shows the 
5 harvesHng head 1,21, incorporated into a harvesting system indicated generally by the 
reference number 81 . The vacuum drum 6, 36 (see Figs. 2 to 6) of Vne head 1 , 21 , is 
connected to a vacuum pump 82 by a vacuum line 83. A controller 84, such as a 
Kistler charge ampHfier Como II S, Is In oommunicatlon with the vacuum pump 82 via a 
channel 91 , with the load cell 52 via a channel 93 and with a robotic ami arrangement 
10 movement control de^^ce 88 via a channel 94. A vision system 86 for ttie robotic arm 
arrangement is In communication with the robotic arm amangement's movement control 
device 88 and with intelligent pattern recognition software 87. 

Referring finally to Fig. 8, a vacuum drum 100 has a solid body 101 with a 
vacuum chamber 102 enclosed wittiin Hhe body 101 . A cylindrical bore 103 extends 
15 ttirough the body 1 01 via Vne chamber 102. The shaft 2 extends ttiroi^h tt^e <^indrical 
bore 103 and tiie shaft 2 has an internal bore 104 extending from tiie end 105 of the 
shaft 2 upon which a holder 5, 31 (see Rgs. 1 to 6) is mounted to a point 106 atong tiie 
shaft 2 enclosed by ttie vacuum chamber 102. The vacuum drum 100 has a second 
bore 107 extending from tiie vacuum chamber 102 through tiie body 101 to.flie area 
20 outside the drum 100. The bore 107 defines an aperture 1 08 on the external surface 
1 09 of ttie dmm 1 00 for receiving a >«cuum pipe 83 (see Fig. 7). The end 105 of the 
shaft 2 for receiving ttie holder has a threaded portion 1 10 for securely mounting the 
holder tiiereon. A portion of tfie bore 1 07 for receiving ttie vacuum pipe is also 
threaded for securely mounting the vacuum pipe 83 thereon. A pair of sealing O-rings 
25 111, 112 are provided on tiie cylindrical bore 103,onering 11 1,1 12 on each side of tiie 
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vacuum chamber 102 for contacting the shaft 2 creating a sealed area within the 
chamber 102. Three support rods 9 are mounted on the >^cuum drum 100 and the 
support plate 7 (see Fig. 1) preventing rotation of the drum 100. 

In use, the pattern recognition software 87 determines which mushroom to pick 

5 after receiving visual infomiation from the robot vision system 86 which scans the 
mushroom beds. The robotic arm arrangement's movement control device 88 receives 
the geometrical location of the mushroom from the software 87 and guides the 
harvesting head 1, 21, to the selected mushroom. The harvesting head 1, 21 is located 
adjacent to the mushroom and a force value is received from the load cell indicating 

10 that the harvesting head 1, 21 is accurately located. At this point control of the 

han^esting head 1, 21 is no longer carried out by the positional information received by 
the vision system 86. Instead, the picking cycle of the harvesting head 1,21 is now 
controlled by force values received by the load cell 52 In combination with a control 
program running on a controller 84 including tolerance bands 95, 96 contained thereon. 

15 The controller 84 signals the robotic arm arrangement's movement control device 88 to 
move the harvesting head 1, 21 downwards. Downward force is measured by the load 
cell 52 and when, sufficient force is applied, the mushroom's roots break resulting in a 
sharp drop in force. This drop offeree results in the controller 84 recording a second 
break in the lower tolerance band 95 (value set by test) which sends a signal and a 

20 vacuum Is generated between the holder 5, 31 and the mushroom by the controller 84 
tuming on the vacuum pump 82. A signal is simultaneously sent to a relay which turns 
on the motor 23 for rotational movement of the holder 5, 31 . This breaks the remaining 
roots. Simultaneously, a signal is sent to the robotic arm arrangement's movement 
control device 88 to stop downward movement and after a pre-determined time (0.5-1 

25 sec), a signal is sent to the relay to stop the motor 23. A signal is then transmitted from 
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the controller 84 to the robotic arm arrangement's movement control device 88 and the 
robotic arm anangement delivers the mushroom to the finishing operation. The robotic 
arm anangement can do this or a secondary system can talce over. 

The vacuum pump 82 is turned off and the mushroom drops into a receptacle 

5 provided such as a package or secondary system (not shown). 

There is an upper tolerance band 96 set in the controller 84, which corresponds 
to a force value, again set by testing, occurring vtfhen a mushroom is on top of another 
mushroom. The downward force should not damage either mushroom and if the upper 
tolerance band 96 Is broken downward force is removed and bA/ist movement is 

10 initiated to remove the top mushroom. After the mushrooms within the robotic arm 
annangemenf s working envelope have been harvested either the robotic ami 
arrangement moves on a gantry or a conveyor moves area to the next segment. This 
continues constantly and for best performance of the system a constant flow (stop- 
start) on a conveyor / gantry would be optimal use of the equipment. 

15 Variations and modifications can be made without departing from ttie scope of 

the invention described above and as defined in the appended claims. 
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CLAIMS 

1 . A harvesting head (1 , 21 ) mountable on a robotic arm arrangement of the type 
having a robot end effector mounting flange and a rotation means, the head (1, 
21) having a rotatable shaft (2) with two ends (3, 4), one end (3) of the shaft (2) 
being adaptable for engagement with the rotation means and the other end (4) 
having a holder (5, 31) fixed thereon for receiving an object to be harvested, the 
holder (5, 31 ) including means (6, 36) for releasably fixing the object relative to 
the holder (5, 31) wherein a load cell (54) is disposed on the harvesting head 
(1, 21) for measuring the force being applied to the object during harvesting. 

2. A harvesting head (1,21) as claimed in Claim 1 , wherein the rotateble shaft (2) 
extends from the rotation means. 

3. A harvesting head (1 , 21 ) as claimed in Ciaimi or Claim 2, wherein the load cell 
(52) is mounted on a part of the harvesting head (1, 21) which is fixed relative to 
the robotic arm arrangement during harvesting. 

4. A harvesting head (1, 21 ) as claimed in any one of the preceding, claims, 
wherein the holder (5. 31) has a stem (32) having one end formed for mounting 
the holder (5, 31) on the shaft (2) and the other end has an expandable head 
(33) extending therefrom for receiving objects to be harvested, the holder (5, 
31 ) having a central cavity (34) extending along the entire length of the holder 
(5, 31). 
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5. A harvesting head (1,21) as claimed in any one of the preceding claims 
wherein the means (6) for releasably fixing an object relative to the holder (5, 
31) comprises a vacuum drum (36, 100) having a substantially solid body (37. 
101) with a vacuum chamber ( 38, 102) enclosed within the body (37, 101) and 
a cyiindrical bore (39, 103) extending through the body (37, 101) via the 
chamber (38, 102), the cylindrical bore (39,103) being mounted on the shaft (2) 
which extends therethrough, the shaft (2) also having a bore (40, 104) 
extending from the end upon which the holder (5, 31) is mounted to a point 
along the shaft (2) which the vacuum chamber (38, 102) encloses, the vacuum 
drum (36, 100) having a second bore (41 , 107) extending from the vacuum 
chamber (38, 102) through the body of the vacuum drum (36, 100) and outside 
the drum, the bore (41 , 107) defining an aperture (42, 108) on the external 
surface of the drum (36, 100) fpr receiving a vacuum pipe. 

6. A harvesting head (1, 21 ) as claimed in Claim 5, wherein the vacuum drum (36, 
100) is stationary during rotation of the shaft (2) . 

7. A harvesting head (1 , 21 ) as claimed in any one of Claims 2 to 6, wherein the 
rotation means is a motor. 

8. A harvesting head (21 ) mountable on a robotic ann anrangement of the type 
having a robot end effector mounting flange wherein the harvesting head (21) 
comprises a first rotatable shaft (22) extending from a rotation means, a second 
rotatable shaft (24) parallel with and offset laterally from the first rotatable shaft 
(22) and a mounting means for fixing the shafts (22, 24) relative to one another, 
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the shafts (22, 24 ) being coupled by a coupling means, the second shaft (24) 
having a holder (31) fixed on one end thereof, the holder (31) including means 
for releasably fixing an object relative to the holder, wherein a load cell (52) is 
disposed on the head (21) for measuring the force being applied to the object 
during harvesting. 

9. A harvesting head (21 ) as claimed in Claim 8, wherein the coupling means 
comprises a belt which winds around a drive wheel (28) on the first shaft (22) 
and a drive belt guide (27) on the second shaft (24). 

10. A harvesting head (21 ) as claimed in Claim 8 or Claim 9, wherein the mounting 
means is provided by a support plate (45). 



11. A harvesting head (21 ) as claimed In any one of Claims 8 to 1 0, wherein the 
15 rotation means is a motor (23). 

12. A harvesting head (21) as claimed in Claim 10 or Claim 1 1 , wherein the support 
plate (45) has an aperture (47) and the first rotatable shaft (22) extends through 
the aperture (47) in the plate (45), engaging the drive wheel (28) on the other 

20 side of the support plate (45). 

13. A harvesting head (21) as claimed in any one of Claims 9 to 12, wherein the 
drive belt guide (27) is rotatabiy mounted on a guide boH (51) which is in turn 
mounted on the support plate (45) on the same side of the plate (45) as the 

25 drive wheel (28). 
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14. A harvesting head (21) as claimed in Claim 13, wherein the load ceil (52) is 
mounted on the guide bolt (51 ). 

15. A robotic harvesting system comprising a harvesting head (1 , 21) having a load 
cell (52), the system having a movement control device for delivering the 
harvesting head (1) onto an object to be picked out of a growing bed, the 
system also having a controller (84) in communication with the load cell (52) 
which controls a picking cycle in response to values received from the load cell 

16. A robotic harvesting system as claimed in claim 15, comprising a harvesting 
head (1,21) as claimed in any one of the claims 1 to 7 or any one of the claims 
8 to 14 mounted on a robotic arm arrangement of the type having a robot end 
effector mounting flange. 

.17. A robotic harvesting system as claimed in Claim 15 or Claim 16, wherein the 
controller (84) is also in communication with a rotation means and a means for 
releasably fixing the object relative to the holder (5, 31) of the harvesting head. 

18. A robotic harvesting system as claimed in Claim 17, wherein the operation of 
the rotation means, the means for releasably fixing the object relative to the 
holder (5, 31) and the robotic arm arrangement movement control device during 
the picking cycle are controlled by values offeree received from the load cell 
(52) in combination with a control program running on the controller (84). 
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19. A method of harvesting objects such as mushrooms comprising the steps of:- 

identifying a mushroom to be harvested and delivering a harvesting 
head (1. 21) having a load cell (52) onto the mushroom which is to be picked 
out of a bed; 

controlling the harvesting head (1, 21) to pick the mushroom via a 
control program executing in response to force values received from the load 
cell (52). 

20. A method of harvesting objects such as mushrooms as claimed in Claim 19 
comprising tiie steps of:- 

identifying a mushroom to be harvested and locating a holder (5, 31) adjacent 
the selected mushroom using a robotic arm arrangement's vision system and 
movement control device; 

moving a robotic arm arrangement and holder (5, 31) downwards pressing the 
mushroom into the soil; 

monitoring downward force, which is applied to the mushroom by the robotic 
arm arrangement via the load cell (52) and control program; 
in response to the measured force value reaching a maximum value once or a 
minimum value twice in the one downward movement, these values being 
stored as tolerance bands in the control program of the controller, the controller 
simultaneously generating and transmitting a signal to the rotation means, the 
robotic arm arrangements movement control device and the fixing means 
thereby 

(1 ) stopping the downv\^rd motion of the robotic arm arrangement; 
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(2) activating a means for releasabiy fixing the mustiropni relative to ttie 
holder; and 

(3) rotating the holder (5, 31) to break all roots holding the mushroom in the 
ground; 

after a predetenmined period of time the controller generating a signal 
and transmitting the signal to the rotation means to switch off the 
rotation means; the controller generating and transmitting a signal to the 
robotic arm arrangement's movement control device to move the head 
to a predetermined position; and the controller generating and 
transmitting a signal to the means for releasabiy fixing the mushroom 
relative to the holder (5, 31 ) tuming off the fixing means whereby the 
mushroom drops into a receptacle. 
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